Introduction
In the Intersecting Storage Rings (ISR) at CERN the production rate of events in intersection 8 has been made larger by a factor 7, compared to the standard intersections, thanks to the installation of a superconducting low-fl insertion1. The However the accumulation of protons in the ISR is made by "stacking in the synchrotron phase space"2. Therefore the intensity of the stored beam depends on the momentum acceptance of the machine. As the positions of the closed orbits as a function of momentum determine this acceptance, sextupole components have been added to the superconducting low-f scheme in order to maintain the acceptance as close as possible to that of the standard machine, which has a conventional lowfv insertion in intersection 1.
On the other hand if the height h of the beam is momentum dependent, an average of 1/h has to be made for obtaining the luminosity in analogy with equation (1).
Sextupoles help avoiding an increase of h with momentum which would lead to a reduction of the luminosity. Before In spite of this poor matching, the theoretical momentum acceptance of the ISR with the superconducting insertion in I8 is practically equal to that of the ISR with the conventional low-3 insertion in II, which is the standard machine used for high intensity runs, provided that sextupole components are introduced in the superconducting quadrupoles.
This conservation of the momentum acceptance results from the control of the off-momentum closed orbits:
-the maximum of the dispersion function associated with the superconducting scheme is smaller than that associated with the conventional low-13 scheme,
-the sextupole components of the low-a3 scheme maintain the regularity of the extrema of the off-momentum closed orbits associated with the superconducting scheme while the off-momentum closed orbits associated with the conventional low-13 scheme have a large modulation of the extrema.
3.
Sextupole scheme for the superconducting low-13 insertion
In the ISR the variation of the tunes with momentum, as shown in Fig. 1 (it is computed in b); the computation can be made only if the horizontal phase advance between SLI and SL7 is substantially different from 1800; it is actually 1520 at the top of the stack and as the 1h's in these quadrupoles are of the order of 80 m, the computation can easily be made. At this point the computation can be restarted in a) with the incremented sextupole strengths.
Results
The computation explained above converges rather fast; three iterations are enough to obtain the sextupole strengths for SL1 and SL7, starting with absolute values of K' equaling 0.18 in all sextupoles. The iterative procedure is stopped when the maximum excursions of the closed orbits with and without the insertion differ by less than a tenth of a millimetre.
The strengths of the sextupoles in SL3 and SL5 have been adjusted so that the product KK' is the same for these magnets and for SL7 (it is larger for SL7 than for SLI): under those conditions all the sextupole windings experience the same force and hence can be assumed to be at the same distance from the quench limit.
The complete procedure involving the sextupoles in the four SL quadrupoles has been repeated twice, leading to the values "for closed orbit matching" in Table 1 . For these values of the sextupole components, the position of the closed orbit at the top of the stack (i.e. Ap/p = 0.021) is the same outside the insertion, with and without the insertion turned on. Furthermore at injection (i.e. Ap/p = -0.021) the position of the closed orbit is displaced by less that 0.3 mm at any place in the machine when the insertion is turned on. This result justifies making the analogy between the above calculation and a correction of the second order chromatic aberration of the insertion for the horizontal motion.
Experimentally it was found that the top of the stack and the injection orbit could be set at the same value of the momentum deviation as that of the standard machine.
The variation of av with momentum at the intersection point is given in Table 2 , the associated effective height averaged over a stack is 4 % larger than that asociated with a constant value of 13v equal to that of the central orbit. Removing the sextupole components of the insertion leads to: -a decrease of 3.5 % of the momentum acceptance due to the modulation of the of f-momentum closed orbits with respect to the ideal ones; -an increase of 2 % of the average effective height due to the variation of 13*v with momentum at the interaction point.
Conclusion
Sextupole components were introduced in the quadrupoles of the superconducting insertion of the ISR in order to maintain the momentum acceptance of the machine in spite of the large 8h modulation resulting from the horizontal betatron mismatch and to a lesser extent to correct the variation of 13*v with momentum. The matching of the off-momentum closed orbit at the top of the stack was the procedure which made it possible. This matching is practically equivalent to a correction of the second order chromatic aberration since all the off-momentum closed orbits are almost matched once it is performed.
With the tune values used in the ISR for stacking and physics running, withdrawing the insertion sextupoles would provoke a loss of luminosity of the order of 5 % which is modest but logical. Indeed the sextupoles have to compensate at the most a decrease of about 2 % (the value of the maximum momentum deviation) of the quadrupole strength.
